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Introduction
The elastic constants of isotopic materials can be measured by using a variety of static and dynamic techniques such as strain gages, impulse excitation, or resonant ultrasound spectroscopy, and a recent comparison of the techniques has been made (ref. 1). Dynamic techniques have the advantage of simple test specimen geometry, good precision, and applicability over a wide range of temperatures. One convenient method is the impulse excitation technique in which a test specimen such as a rectangular beam or circular plate is excited by a brief mechanical impulse with a tool (see fig. 1 ) and allowed to vibrate naturally. The specimen geometry and support and impact locations are chosen to induce flexural or torsional modes of vibration. The vibrations are detected with a non-contacting microphone or contact accelerometer, and are analyzed by a signal processor to determine the fundamental resonant frequency. The fundamental frequency is used with the specimen geometry and mass to estimate dynamic elastic properties such as Young's modulus, Poisson's ratio, and shear modulus.
This method is nondestructive, sensitive, requires relatively little material, and can be used to test specimens designed for other purposes such a uniaxial or biaxial flexural strength + = .
Currently, the standards ASTM C1259 and E1876 (refs. 5 and 6) use linear interpolation of data compiled in tables to determine the constant v as a function of t/R and f 1 /f 2 where R is the disc radius. The constants K 1 and K 2 are then determined with linear interpolation as a function of t/R and v. This is inconvenient as three manual interpolations are required per constant, and the accuracy is reduced because the functions are nonlinear and the interpolations of K 1 and K 2 depend on those of v. Although extremely accurate values of E and v are not needed for general engineering purposes, accurate constants are particularly useful in verification of test rigs and models. Further, rapid, convenient calculations are beneficial if elastic constants are used to nondestructively monitor material changes.
In order to allow accurate, convenient spread sheet calculations of elastic constants from plate data, two approaches were taken: (1) polynomials were fit to the data tables A1.1 to A1.5 of ASTM C1259 and E1876, which are identical and based on the data of Glandus and Martincek (refs. 7 and 8); and (2) an automated bilinear spread sheet interpolation routine was implemented (see the app.). The resultant polynomials exhibited residuals of less than 0.5 percent for K 1 and K 2 , and less than 1.5 percent for v, and are sufficient for most engineering purposes. Comparisons of calculations made with linear interpolation and the polynomials were made for glass, steel, silicon carbide, silicon nitride, tungsten carbide, tape cast NiO-YSZ and zinc selenide, and indicate similar results.
Polynomial Functions
During fitting of the constants, an attempt was made to minimize the residuals while using a relatively simple polynomial function. This was possible for both K 1 and K 2 , however reasonable fits could not easily be made for v. The most difficulty in fitting v was encountered for values of f 2 /f 1 = 1.350, for which v varies by a factor of ~6 and changes from curvilinear behavior to very linear behavior at small v as shown in figure 2. Thus three separate functions were generated to describe the range of v given in table A1.1 of C1259. In addition, a wide range fit to the data of Glandus (ref.
An example of constant and linearly varying v is shown in figure 2 . Unfortunately, these complications tend to occur at small t/R ratios, which are commonly used in the mechanical testing of structural ceramics such as membranes, fuel cell elements, and coatings that are being manufactured in very thin sections (t/R < 0.05) and are required to carry thermal and structural loads. tables are given to three places; however, many of the data points are identical to those of Martincek which were originally reported to two places. Evidently, Glandus simply added a third decimal (i.e., a zero) to Martincek's data rather than recalculating those points to a higher precision. For 0 ≤ t/R ≤ 0.500 and 0 ≤ ν ≤ 0.500, K 1 and K 2 can be described by the expression:
where the constants a through j are given in table 2. The fits are within 0.5 percent of the data in table A1.2 and A1.4 of C1259. For the narrow range of 0.100 ≤ t/R ≤ 0.200 and 0.14 ≤ ν ≤ 0.34
given in tables A1.3 and A1.5, K 1 and K 2 can be described by the expression: 
Experimental Results
In order to directly compare test results using linear interpolation and the polynomials, circular plates machined in accordance with the procedures of ASTM C1161 and C1499 (refs. 1 and 2) were tested. The dimensions and mass of all the test specimens were measured with a resolution of 0.001 mm and 0.0001 g, respectively. The plates were typically 50.1 mm in diameter and ranged in thickness from 1.54 to 4.53 mm (t/R = 0.06 to 0.18), and were intended for strength testing. The materials included glass, hardened maraging steel, alpha silicon carbide, silicon nitride, tungsten carbide, NiO-Yttria-stabilized zirconia (YSZ), and zinc selenide. The 75mol%NiO-YSZ was an unreduced anode material with ~32 percent porosity. It was manufactured by tape casting and sintered at 1200 °C for 2 hours as part of a fuel cell program being conducted at NASA Glenn Research Center (ref. The test specimens were supported on the torsional or flexural nodal lines, as necessary, with foam rubber supports as shown in figure 1 and lightly impacted with a steel tipped hammer. The results are summarized in tables 3 and 4, and indicate that the differences in Poisson's ratio and Young's modulus as estimated from interpolation and the polynomials are usually less than 0.5 percent.
Conclusion
Polynomial fits and linear interpolation of the data tables of ASTM C1259 and E1876 produce comparable estimates of Poisson's ratio and Young's modulus for engineering purposes. For glass, hardened maraging steel, alpha silicon carbide, silicon nitride, tungsten carbide, NiO-YSZ, and zinc selenide the differences as calculated from polynomials and interpolation were typically less than 0.5 percent. Calculation of additional v values at t/R between 0 and 0.2 would allow better curve fits and might benefit the testing of emerging thin structures such as fuel cell electrolytes, gas conversion membranes, and coatings when Poisson's ratio is less than 0.15 and high precision is needed. However, the current values are sufficient for common engineering purposes.
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